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For many Ye&xrs the recurrence of vaterfowl mortality at the

Rocky Mountain Arsensl naer Denver, Colorado, has been & cause for
serlous concern to the U, S. Bureau of Sport Fisheries and wildalife
and the Colorado Department of Game and Fish., This concern has als3o
been shared by personnel of the Rocky Mountain Arsecsl who have given

their generous cooperation in the investigation of the problem,

The Wildlife Research Laboretory has several times gince 1951

assigned reseaxrch personnel to the study of this problen and isgued reports

of their findings. These studies have strongly indicated the cause of

mortality to be the contardnation of three artificial lakes vith insectdclde

produced Yy 8 chemical plant.
In 1952, £{eld and laboratory studies of the cause of mortality

vere conducted by Mre George W. Sciple, viologist of thev yvildlife Research
Laboratory. BEe estimated that aboul 1,200 ducks died 4n the spring of 1952.
Txperiments indicated thaot the cause of .d.enth was a toxic agent or egents
carried on ths surface of the water and probably entering the lakes through

the process-vater drain from the chemical plant arcé. Sciple's raport
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dated May 28, 1952, vas sutmitied to the Commanding Ottioer, Rocky
Mountain Arsenal; the Julius Byman Co., Rocky Mountain Arsenal; the
Colorado Department of Game snd Fish; and ths U. 8. Food and Drug
Adninistration, Denver.

In 1955, additional field obseﬁatiom wers made by blologists
of the Wildlife Reseerch laberatory, and bloassays and chemical analyses
_.ot duck tissuas ware performed by the Commmicable Diseass Canter,
.'Bavannah, Ceorgls. Thess analyses shoved that fat and liver of a dead

e dusk from the Arsenal contsined large concentrstions of dleldrin. A
*—’-‘:1~ Teport well suzmarizing the history snd esrlier findings ves prepared by
:b - Dr. Weyne I. Jensen snd sulmitted $o the Director, Fish snd Wildlife
- et Tf';.i;',‘_sérvit:e, on Dscember 2, 1995.

B Bei *.,'v In April 1959, the Wildlifs Research laborutory, vhich had
arut recently acquired the necessary equipment and personnel to perform
hannkacs

chemical analyses of insecticids residues, again undartook study of the
mortality problem at the Arsemal, The vritar and otbars made field obser-

"V:A-:Q'I\.J “ | vetions &nd collacted sexples of dead birds, water, mud, and vegetation for
o laboratory analysis. Ths resulis of these 1959 investigations form the
N besis of this report.

e teTad - Extent of Mortality

ook ess Nearly all of the vaterfovl mortality bas been associsted with a

< byl geries of three lakes pouth of the Shell Chemical Company plant area. These

S A reservoirs--Upper Derby, lower Derby, and Isdora lakes--are used for storage



and recycling of cooling water in the chemical plant. In addition to
waterfowl, dead phaasants, songbirds, mukrats, rabbits, and frogs have
teen seen on &nd.paar the shores of thess lakes.

The numbers of vaterfowl that have been killed are difficult to
estimate because of ths trenslent and constently changing pature of the
migratory duck population. large numbers of birds that have acquired
doses of toxicant from the Arsepsl could have flown on to sicken end die
elsavhars. Therefore, counts of birds found daad sround the three lakes
ropresent the minimum losses and provide a basis tof rough estimates of
sdditional mortality.

On April 17, 1959, recently dead birds and anizals vere counted
around the shore of ladora laks end along the canal that skirts the north
side of ths lake. A total of 119 dead dbirds end animals vere seen, including
gl ducks of 9 species, 6 coots, 2 pheasants, T muskrats, b rabbits, end 6
frogs. If the 9h ducks all died within the preceding week, and if this
nortality rate was typical for the hemonth period, Jenuary-April, the losses
for this pariod “ould be approximately 1,500 ducks around Iadora Iake alone.

During this seme period en employes of the Shell Chamical Cagpeny
vas assigned the task of periodically gethering wp dead ducks end burying
them. From conversation with this man 1t vas estimated that he may have
gathered 20 punny sacks of ducks;'zs birds to a sack, or a total of 500
ducks in the first 3 months of 1959. It was obvious in April that large

numbars of ducks had not been collected for disposel.
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In a previous year, it is understood, & pile of about 600 deed

ducks was collected at cne time and photographed.

Mr. Ceorge Sciple in his report estimated losses of roughly 1, 200
ducks during tha period of his study (spring of 1952).

Trom the above lines of evidence, 2,000 Aucks per year might be
a conservative estimate of total d.uck mortality on snd off the area from
toxic contamination of these three J.a.kna. Ovar the past JD yea.rs that this

problem has existed, cumulative loases may havo been 20,000 or more ducks.

Zaology of the Iekas
Upper Darby, lower Derby, snd Ladore lskes are artificisl impound-

”'ments of run-off end irrigation water that is recyeled through the chemical

plsat for cooling purposes. Ducks wintering in the Denver area &re attrscted
to thesa lskes by the ice-free conditlon of the relatively vam water. The
besins are shallow with mud bottoms. During summer the lakes are ardinarily
full and waterfovl mortality is low. In fall end winter the vater lsvel drops
progressively until most of the areas of lakas bottom are exposed a8 mud flats.
Righ mortality of wildlife in and around the lakea gseems to ooccur only at
tines vhen extensive mud flats are exposed. In April 1959, vhen counts of
casualties were made, ladora laks was low but still of fairly large aresa.
Most of the live ducks were then on Tadora lake. lower Derby wes reduced

to a small fraction of its former area, and Upper Derby was Uitle more

than a small pond into vhich a naxrow channel of water from the plant effluent

csnal led across an expanse of mud flats. The channel of wafer flowing through
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dried sa.{;o pondueed and

tha bed of "pper ladore leake gave off a noticeabls chemical odor that, after

a.‘bout a l.alt Lour, becans incressingly unpleasant. The sems odor was noticed

in the radamico.l plant srea. When the three lakss vere ﬁl.lad. in Mgy vith
water from the Highline Canal, duck mortality dropped snd ves po longer in
gvidanse.
| ,- \ It was obvious from casual inspoction that the ecology of tha lakes
is :*osa]y out of balance. Aquatic life in 1adora vas greatly impoverishad
£nd p" o,,;resnively vorgse as inspection proceeded up the drainage to Lower
Derby snd Upper Derby lakes. Only a few xinds of water plants were presant,
and. theso such &s cettails, 8ago pondveed, and filamenious algaa grev in

'mﬂw mmmto!muberwukamcupetedvithumatot

¢ilsmantous algae. Rootstocks of cattails in Upper

‘apd lower Tarby sppeared desd, but around ladors Lake & belt of cattails vas

putting out nev green leaves.
In 1948 and earlier thers were fish in ladora Iake, snd convalescent

patients at Pitzsimons Hospital enjoyed fishing there. I hsve mads no effort

t0 catch fish in sny of the lekes but have bsen told by persons vho have

observed the area for many years that £1sh are no longer present. In April

and May, vhen frog choruses oould be heard in nearly all ponds &and ditches

outside the Arsenal, laboratory biologists heard and sev none at the three

Tor could ve find any egg nasses Or tadpoles. Bowever, & few dead

Aquatic insects and splders

lskes.
frogs and ane dsad tiger galamander were séen.

vere almost completely ebsent from the thres lskes in April and May. Live

aquatic spails vers present in all three lakes and e;.ctremely abundant in
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'Uppc;r Darby. HKasses of dead snail shells, as well as abundant live snalls,

had accumlated in tbe. pond around tha outlet through Upper Derby dem.
Dieldrin haa deen previously reported to X1l fish but have no harmful effect
on vuails in a salt marsh (Earrington and Bidlingnayer, 1958). No effort
ved ."13(10.‘&0 collect fresh-wster plankton, but swvarms of tiny red crustaceans
were ceen swinhing emong masses of algae in the channel beiov the inlet of

Upuer Derby Lake.
Bioisseya vith Tadpoles

Having observed the absence of frog reproduction in Ladors, Lower
Dexly, and Upper Derby lakes, simple bdloassay experiments were conducted
using tadpoles of the leopard frog and the chorus frog, the two uast abundant
spacles in the Denver ares. Threa test aquaria and one control squerium were

sat »:p to tast effects of contmminated mmd, algas, and lake vater. In cne
vhich mud from

teat 25 tadpoles wvere kept in uncontaminated pond wvater to

Upyer Darby Leke had been sdded. They were fed algee from en uncontaminated

pond, Eleven dsys after start of the test all tadpoles wvere dead.
In another test 42 tadpoles were kept in uncontaminated pond water

vith no mud gnd fed on algese from Upper Derby Laks. Twelve da.y: after gtart

of this test all tadpoles were dead.
In the third taest SO tadpoles were kept in water from Upper Derby

LaXe vith no rud and fed on algae from an uncontarinated pond. Within
2 weeks 12 had died, and L9 dsys after start of the test all 50 tadpoles

vere dead. |
In the control aquarium 66 tedpoles vere kept in unconteminated

pond veter without rud and fod on algae from an uncontaminated pond.

Within 2 weeks 4 tadpoles had died, and 51 days after start 'of the control

gll tadpoles had died. Survival of tadpoles in the control vas not good

(7)Y
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tscauss of the small mekxeshift nature of the aguarium, vhich could not be
asreted, and in which the only msans ofmnovinzmu produsts vas Ly

soplseccent of water.

Cruds thoush the bloassay tests were, they shoved that the
sgurvival of tadpoles in water alone trom Upper Darby Lake wes almost as
c,eoa. a8 survival in the goatrol water. Iovever, mlgse from Upper Darby
Take is sufficiently toxic to kill tadpoles vithin 2 weeks, sxd mud alone
from Upper Derby lake also can Xill tadpoles within 2 veeks. |

Chenmical Analyses
' Twenty samplss taken from Upper Darby, lower Derty, and Iadors

| L;}.as tetveen April 10 and May 4, 1959, a paried of lov vater, vere
: (.!zemice.lly enalyzed for ¢hlorinated hydrocarbom insecticides at ths

{#1141ifs Fesearch laborstory. Results of the analyses are presented in
Table 1. The source of esch sample 1s indiecatsd by Arabic nunerals on the
sccampanying map that refer to the same nmumerals in the table.

The samplss analyzed include three ducks picked up dead at ladora
lake, aquatic vegetation from Upper Durby Lake, veter and foan from Upper
end lover Derby lakes, and mud from all thrse lakes.

Tlearly sll sanples containsd moasurabls cmounts of aldrin or dleldrin,

and pearly half the sarples containsd other unidentified chlorinsted hydro-
carbons. The amounts neasured varied greatly bestwoen the samples. The
absence of detectable smounts of aldrinin the bird sacples 1s not wnusual
bLecause most of the aldrin enteringv animal tissues 1s com'ar\f,od and retained
in the form of dieldrin. All tlree ducks analyzed containad appreciable

residuas of dieldrin. A composite sample from two of the ducks (392h and
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4‘*925) wvas enalyzed {n the Laboratory using the infrared spectropho

tometric

.mthod, vhich confirmed the presence of dieldrin.
| Littls information is evailsdle concerning the acute and chronie

~gxigities of sldrin end Gieldrin to ducks and the smounts of these naterials

1
iiut may be accumuloted in duck tissucs before death, or that may be stored

end tcleratad vithout harm.
Znadel has reported moriality of Juvenile and adult ducks ou a lake

in Torth Db.kota that vas sprayed yith 2 oz. of aldrin in oll per acre

‘ ('uda end Cenelly, 1956). In Wyoming, one merganser on & small reservolir

s;rmd swith the ssme amount of eldrin in oil difed within 2 dsys. Tissue

analyse softhiuduzkmealedﬂypnotaldrininthabrm, 24 pym in the

- du':xy, end § prm in ths liver (Fost, 1952),

Ia experiments with pinksils, 200 prm of dieldrin in the diest

" rasulted in s 50 percent loss in 1 menth (Rudd aad Genelly, op. cit.)

rxperimental sprays epproximating field spplication rates of 0.5, 1.0,

and 1.5 1bs. per acre did not seem to harm ducks. This formuation was

pr«smahly in vater. An sctusl field application of 0.5 lbs. of dieldrin

par z¢re Tesulted in the loss of at least 20 mallaxrds and 6 coots.

The low content of eldrin end dieldrin in the weter entering

Upper Derby Loke {from the plant effluent cenal is indicative of the extrenely

low solubility ef these ccmpounds. Much greater smounts are carried by

fo=n and othar sucpanded orgenic matter, Aldrin and dieldrin molacules

ara readily adsorbed by mud particles, and the tremendous surface of all

these particles acts as a great reservoir holding lerge quentities of

{nsecticide for long pericds after their influx hes ceased..

e mmn



U el - The range of variation in toxic content of ths fev mud sacples

t.z,.ma ia go great that

only & rough indicstion of the distribvution of

LXxot m.c chfnnica.ls in mud is possible. The banks of the 1plet canal feeding

"*per Derby: ere very heavily loeded wvith dieldrin (480 rm). Progressively

Jart

tbns ’fzas 1nsoct>.c,.do occurs in mud eround the outlets of Upper “perby end Lover

“wrby lakes. Toxic content of md docreases outvardly on the mud flsts
hamelandfromtha gurface of the mud to a deptk

o Nk away from the centrsl ¢

LSt " of 1 foot.

RISTE ‘ | From the mown properties of chlorinated hydrocarbons and thelr
s . qummﬁon in the sauples pnalyzed, it seems ¢lear that the'mzd. deposits
EAS N  of the three lskes have become chargsd vith these paterials trought into

tha la.lws by the e7fluent capal from the chemical plamt end that the mud,
s gmall smouants of the toxicants to the

Lo mver a lons period of time, relpase
WETIT v-a.tar a.nd 1iving organisms.
Suzzary

An annual die-off of wvildlife in the Upper Derby, Lowexr Derby,

and ladora lakes ares of thes Rocky lountain Arsenal occurs in late vinter

end sypring vben the wvater _level 13 low and mud bottoms 8re exposed. Thess
It is estimated

......

1skes do not support £ish, saophibiens, OF aquatic insecis.

that losses of vaterfowl alone amount to 2,000 or more birds per yesar.

LU Chanical apslyses of dead birds, water, and mmd serples shoved
v the presence of aldrin and/or dlelérin. large emounts of these chemicals

have eccimilated in ihe mud, particulerly eer the {olet cenel end outist
Lol of Upper Deroy Leke, Although ¢ata on the toxicity of 21drin snd dieldrin

0
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43 ducks 13 liaited, the considerabls amounts of dieldrin in the ducks

gnalyzsd support the conclusion that they were killed by aldrin or dieldrin

or both.
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i . Other Chiorinated
«r'npl» “ind Eource Alérin Pieldrin Jydrocurvouns
‘3523 1eilerd Ladore Laze : Oppm . 64 pm

"2k thoveller  Ludorm Lava K 0 prm %0 pra 15 ppa
3 CivcDe Ladore Lése 0 pmm 58 pra ~~ 10«50 prma

vinged tesd
526 Fovia Laisan Lot Oppm  2.3ym ~ 0.5 pim
2T ke 3." .a.stox ohece Ford Oppm O ppm ~ 0.15 prm
'.2‘:*3 Xy ﬂw.*-a B O. ‘*&M\ U}»,a:r I\er'hy Ld:a 31 pm 2.7Tpm
. yos ;"1 ' o .4 -

299 wamag iU La :;t. vx.wa- Tardy w:a . .002 ppm 002 ppm

iﬁvfz : _5;75*!7.5;5'«‘:3‘;'-3*.7.;_ £ "*-* ﬁ-ﬁ ,..cmal' Dﬁ.by Luh 15 pym O pmw ~ 0.5 Pm
53 Opm 0.5 pym 0 prm
Fib % 5.pm  S.pm

PR yoar _ ‘ 0 prm 0 pia ~ +004 prm
£51 lk : %, 1rlet Upper Darby Lake Pregent 480 ymm Prepent
ge . P2 8, Lower end Upper Dorby >18pm >3

s\ xd 6. Surface of md flat 2.6 ypu 0.3 pm ~ 0.5 ppa

o Uzper Torby Lake '
.Y QR LYY 6e Six innhes belov surface 0.3 ppm O pmm 1. ppa
Uigor Derxby Lake

P8 ma 6. Cna Twot belov surface 0 ppm 0 pm ~ 0.5 pm

| Uppar Cerby Lake

%659 Hud T, Uynsy 2nd Lower Derby 0.6 rm O pmm 0 ppm
raka '

k3 104 8. Cutlot Lowver Derby Lake 1. ypm O.h pm

3943 tud B. Outlet Lower Derby Lake  0.01 ypa 0.0 ppm

3856 iud 9. Lower cnd Ludors Lake >0.05 pz O ypm 0 pm=




